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(54) THIN FILM MONOLITHIC CAPACITOR AND MANUFACTURE THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a thin film monolithic 
capacitor having a good dielectric property and less changes of 
characteristics with the elapse of time, and a method for 
manufacturing such a thin film monolithic capacitor. ^0; 
SOLUTION: A thin film monolithic capacitor 10 includes a board 12. ~ 
On the board 12, a thin film dielectric layer 14, an electrode layer 
16, and an outer electrode 18 connected to the electrode layer 16 
are formed. A protective film 20 is formed at a part corresponding 
to the part where the dielectric layer 14 is formed. To produce this 
thin film monolithic capacitor 10, the thin film dielectric layer 14, 
the electrode layer 16 and the outer electrode 18 are formed on 
the board 1 2 by a CVD method or the like. The multilayer body 
thus obtained is heat-treated under the partial pressure of oxygen. 
After that, the protective film 20 is formed. 
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* NOTICES * 

JPO and NCZPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] The thin film multilayer capacitor characterized by having a protective coat for intercepting said 
oxide dielectric thin film layer from the outside in the thin film multilayer capacitor which carried out the 
laminating of an oxide dielectric thin film layer and the electrode layer. 

[Claim 2] The thin film multilayer capacitor which consists of a layered product of a substrate, and the oxide 
dielectric thin film layer and electrode layer formed in said substrate front face, and an external electrode 
connected with said electrode layer formed in the both ends of said layered product, and is characterized by 
covering with the protective coat the oxide dielectric thin film layer exposed outside. 

[Claim 3] The manufacture approach of the thin film multilayer capacitor characterized by heat-treating in the 
manufacture approach of the thin film multilayer capacitor which contains the layered product of the oxide 
dielectric thin film layer more than two-layer, and an electrode layer at least in oxygen tension higher than the 
oxygen tension at the time of membrane formation of said oxide dielectric thin film layer after forming the last 
oxide dielectric thin film layer at least. 

[Claim 4] The manufacture approach of a thin film multilayer capacitor according to claim 3 that the protective 
coat for intercepting said oxide dielectric thin film layer from the outside is formed after performing said heat 
treatment. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to comparatively mass small thin film multilayer capacitor and its 
small manufacture approach especially about a thin film multilayer capacitor and its manufacture approach, for 
example. 
[0002] 

[Description of the Prior Art] In recent years, in the field of electronic parts, much more miniaturization and 
high-performance-izing of a capacitor etc. are desired in connection with the densification of a circuit. There is 
a stacked type ceramic condenser as a capacitor of such small high performance. In order to manufacture a 
stacked type ceramic condenser, after printing electrode paste and drying on the ceramic green sheet cut into 
predetermined magnitude first, the laminating of two or more ceramic green sheets is carried out. After sticking 
by pressure the ceramic green sheet by which the laminating was carried out, it cuts into further predetermined 
magnitude, and calcinates, and a baking object is acquired. A stacked type ceramic condenser is formed by 
applying the paste for external electrodes to this baking object, and being burned on it. 
[0003] However, when producing a laminating ceramic condenser by such approach, it is more nearly 
impossible than ceramic raw material powder to make a dielectric layer thin, and it is difficult for a dielectric 
layer to produce a thing 3 micrometers or less in the present condition from the problem of the inter-electrode 
short-circuit by the defect of a dielectric layer, an electrode piece, etc. Therefore, there was a limitation in a 
miniaturization and large-capacity-izing of a stacked type ceramic condenser. 

[0004] In order to solve such a problem, the manufacture approach of the stacked type ceramic condenser which 

forms a dielectric layer by sputtering is indicated by JP,56-144523,A. Here, the approach of forming the thin 

film and electrode of aluminum 203, Si02, Ti02, and BaTi03 by sputtering is indicated. 

[0005] however, aluminum 203, Si02, and Ti02 etc. — since the dielectric constant of the ingredient itself is 

low, if it is going to raise the capacity as a capacitor, it is necessary to make thickness very thin, and a problem 

will come out in dependability as an electron device, such as leakage current and withstand voltage, it — 

receiving - BaTi03 others - dielectrics, such as SrTi03, TiO (Ba, Sr)3, PbTi03, Pb(Zr, Ti) 03, and Pb(Mg, 

Nb) 03, need to raise the crystallinity of a thin film by elevated-temperature membrane formation, if it is going 

to obtain a high dielectric constant in the state of a thin film, although the dielectric constant as an ingredient is 

high. 

[0006] 

[Problem(s) to be Solved by the Invention] However, while the number of laminatings will increase like a CVD 
method or sputtering if an oxide dielectric layer and an electrode layer are formed by turns and a multilayer 
capacitor is produced when forming an oxide dielectric layer under reduced pressure, the phenomenon in which 
dielectric dissipation factor tandelta becomes large unusually appears. This phenomenon does not appear 
notably, when there are few dielectric layers of a multilayer capacitor. 

[0007] Then, as a result of analyzing such a thin film layered product, increase of an oxygen deficiency was 
accepted in the lower part layer which formed membranes in early stages. Although oxygen or an oxidizer is 
supplied to a membrane formation side at the time of dielectric membrane formation when this produces a thin 
film layered product by the above-mentioned approach, it is thought that balking of oxygen produced it since 
the already formed oxide dielectric layer would be exposed to an elevated temperature by the hypoxia part draft. 
Consequently, abundance, such as an OH radical inside a lower part layer, increases, and it is thought that 
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tandelta goes up. 

[0008] Moreover, by the case where the thin film layered product produced by these approaches tended to 
adsorb the moisture in air, were under reduced pressure with the case where it measures in atmospheric air, and 
it measures, when the dielectric characteristics differ greatly and measure in atmospheric air, tandelta becomes 
large. Furthermore, in atmospheric air, the dielectric characteristics carry out aging for adsorption of moisture. 
[0009] So, the main purpose of this invention is having good dielectric characteristics and offering a thin film 
multilayer capacitor with little aging of a property. Moreover, the purpose of this invention is having good 
dielectric characteristics and offering the manufacture approach of a thin film multilayer capacitor with little 
aging of a property. 
[0010] 

[Means for Solving the Problem] This invention is a thin film multilayer capacitor characterized by having a 
protective coat for intercepting an oxide dielectric thin film layer from the outside in the thin film multilayer 
capacitor which carried out the laminating of an oxide dielectric thin film layer and the electrode layer. It is the 
thin film multilayer capacitor which consists of an external electrode connected with the electrode layer 
specifically formed in the layered product of a substrate, and the oxide dielectric thin film layer and electrode 
layer formed in the substrate front face, and the both ends of a layered product, and is characterized by covering 
with the protective coat the oxide dielectric thin film layer exposed outside. Moreover, in the manufacture 
approach of the thin film multilayer capacitor which contains the layered product of the oxide dielectric thin 
film layer more than two-layer, and an electrode layer at least, this invention is the manufacture approach of the 
thin film multilayer capacitor characterized by heat-treating in oxygen tension higher than the oxygen tension at 
the time of membrane formation of an oxide dielectric thin film layer, after forming the last oxide dielectric thin 
film layer at least. Furthermore, after heat-treating, the protective coat for intercepting an oxide dielectric thin 
film layer from the outside may be formed. 

[001 1] When there is a protective coat for intercepting an oxide dielectric thin film layer from the outside, it 
does not adsorb but the moisture in atmospheric air can make small effect of the moisture in atmospheric air. 
Effect of the moisture in atmospheric air can be made small by covering the outermost oxide dielectric thin film 
layer with a protective coat especially about the thin film multilayer capacitor which the oxide dielectric thin 
film layer exposed outside. Moreover, in case a thin film multilayer capacitor is produced, after forming a thin 
film layered product, the oxygen deficiency in a lower part layer can be decreased by heat-treating under high 
oxygen tension. 

[0012] The above-mentioned purpose of this invention, the other purposes, the description, and an advantage 
will become still clearer from the detailed explanation of the following examples given with reference to a 
drawing. 
[0013] 

[Embodiment of the Invention] Drawing 1 is the illustration Fig. showing an example of the thin film multilayer 
capacitor of this invention. The thin film multilayer capacitor 10 contains a substrate 12. On the substrate 12, 
the laminating of two or more thin film dielectric layers 14 and electrode layers 16 is carried out by turns, and 
the layered product is formed, as the thin film dielectric layer 14 — TiO (Ba, Sr)3 etc. - an oxide dielectric thin 
film layer is used. And the electrode layer 16 by which the laminating was carried out is pulled out by the both 
ends of the cross direction of a substrate 12 by turns, and is connected to two external electrodes 18. 
Furthermore, a protective coat 20 is formed so that the part in which the thin film dielectric layer 14 was formed 
may be covered. 

[0014] In order to manufacture such a thin film multilayer capacitor 10, the thin film dielectric layer 14 and the 
electrode layer 16 are formed by turns on a substrate 12 by a CVD method etc. At this time, the external 
electrode 18 is formed by carrying out the laminating of the electrode layer to the both-ends side of the cross 
direction of a substrate 12 one by one. Thus, the obtained layered product is heat-treated in high oxygen tension. 
And a protective coat 20 is formed corresponding to the part in which the thin film dielectric layer 14 was 
formed. 

[0015] In this thin film multilayer capacitor 10, by forming the protective coat 20, the thin film dielectric layer 
14 is not adsorbed, but the moisture in atmospheric air can prevent degradation of the dielectric characteristics 
by moisture. Moreover, since adsorption of moisture is controlled, aging of the dielectric characteristics of the 
thin film multilayer capacitor 10 in use can be stopped. Furthermore, after forming all the thin film dielectric 
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layers 14 at the time of manufacture, the oxygen deficiency produced in the thin film dielectric layer 14 at the 
time of membrane formation can be decreased by heat-treating in high oxygen tension. Therefore, degradation 
of the dielectric characteristics by such oxygen deficiency can be prevented. 
[0016] 

[Example] Drawing 2 is the illustration Fig. showing the MOCVD system for producing a thin film multilayer 
capacitor using the manufacture approach of the thin film multilayer capacitor this invention. MOCVD system 
30 contains two or more raw material carburetors 32a, 32b, and 32c. The matter used as the raw material of the 
thin film dielectric layer to produce is stored by raw material carburetor 32a. Ar gas as carrier gas is introduced 
into raw material carburetor 32a through the massflow controller (MFC) 34 and bulb 36 for controlling the flow 
rate of carrier gas. Moreover, the control bulb 38 for control of flow is attached in the discharge side of raw 
material carburetor 32a. Furthermore, the bulb 40 for a bypass is attached between the control bulb 38 and a 
bulb 36. And a pressure gage 42 is attached in the upstream of a bulb 36. 

[0017] Moreover, Ar gas as carrier gas is introduced into raw material carburetor 32b through MFC44 and a 
bulb 46. Furthermore, a manometer 48 and the control bulb 50 for control of flow are attached in the discharge 
side of raw material carburetor 32b. And the bulb 52 for a bypass is attached between the control bulb 50 and a 
bulb 46. Moreover, Ar gas as carrier gas is introduced into raw material carburetor 32c through MFC54 and a 
bulb 56. Furthermore, the control bulb 58 for control of flow is attached in the discharge side of raw material 
carburetor 32c. And the bulb 60 for a bypass is attached between the control bulb 58 and a bulb 56. Moreover, a 
pressure gage 62 is attached in the upstream of a bulb 56. 

[0018] The control bulbs 38, 50, and 58 are connected with the mixer 64 for mixing material gas. A mixer 64 is 
connected with the gas nozzle 70 attached in the membrane formation chamber 68 through a bulb 66. 
Furthermore, MFC72 and a bulb 74 are minded [ 70 ] and it is 02 as oxidation gas. Gas is supplied. The 
membrane formation chamber 68 is connected with the mechanical booster pump 78 and a rotary pump 80 
through the control bulb 76. Moreover, the bulb 82 for a bypass is attached between a mixer 64 and the 
mechanical booster pump 78. Furthermore, a manometer 84 is attached in the membrane formation chamber 68, 
and the pressure in the membrane formation chamber 68 is controlled. 

[0019] The part surrounded by the dotted line of a before [ from the raw material carburetors 32a-32c / the 
membrane formation chamber 68 ] is heated in order to make a raw material evaporate. That is, a raw material 
can be made to evaporate by introducing Ar gas, heating the raw material carburetors 32a-32c. It can be made to 
evaporate by spraying Ar gas on a raw material front face, when a raw material is a solid-state at this time, and 
when a raw material is a liquid, Ar gas can be blown into a raw material and it can be made to evaporate by 
bubbling. 

[0020] It is mixed with a mixer 64 and the material gas obtained by evaporating a raw material is supplied to a 
gas nozzle 70. And from a gas nozzle 70, it is material gas and 02. Gas is sprayed on the substrate 90 placed 
into the membrane formation chamber 68. In addition, the inside of the membrane formation chamber 68 is set 
as a predetermined pressure with the mechanical booster pump 78 and a rotary pump 80 while it is set as 
predetermined temperature. And material gas and 02 gas are contacted to the substrate 90 in the membrane 
formation chamber 68, material gas causes a pyrolysis or a combustion reaction, and a dielectric thin film etc. is 
formed on a substrate 90. 

[0021] This MOCVD system 30 is used and it is Ti03 as a dielectric layer (Ba, Sr). The thin film (BST thin 
film) was produced. Membrane formation conditions are as being shown in Table 1. That is, it is Ba(DPM)2 2 
(phen) as a Ba raw material. It is used and is Sr(DPM)2 2 (phen) as a Sr raw material. It is used and is Ti (O-i-C 
three H7)4 as a Ti raw material. It was used and material gas was generated. Here, DPM is the abbreviation for 
dipivaloyl methane C11H1902 (2, 2, 6, and 6-tetramethyl - 3, 5-heptane dione), and phen is the abbreviation 
for a phenanthroline. And made it evaporate at 215 degrees C about Ba raw material, and it was made to 
evaporate at 200 degrees C about Sr raw material, and was made to evaporate at 35 degrees C about Ti raw 
material. Moreover, the temperature of a mixer 64 was set as 250 degrees C, the temperature in the membrane 
formation chamber 68 was set as 650 degrees C, and the pressure was set as 667Pa. 
[0022] 
[Table 1] 
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[0023] Before forming a BST thin film, Pt film was formed on the substrate 90. As a substrate 90, the thing 
with a magnitude of 1.0x1. Omm was used, and as shown in drawing 3 , Pt film was formed in the one side of the 
cross direction of a substrate 90 by the "convex" character-like pattern 92. Pt film was produced on the 
membrane formation conditions shown in Table 2 using RF sputtering system. In addition, the membrane 
formation time amount of Pt film is 120 seconds, and thickness is about 200nm. 



[0024] 
[Table 2] 
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[0025] Next, the BST thin film was formed by the pattern 94 of the shape of a rectangle shown in the center 
section of a substrate 90 at drawing 4 on the conditions shown in Table 1. Membrane formation time amount is 
120 minutes, and thickness is 300nm. Furthermore, in order to absorb the thickness of the formed BST thin 
film, Pt film was formed in the one side of the cross direction of a substrate 90, and the other side by the pattern 
96 shown in drawing 5 . The membrane formation conditions of Pt film are as being shown in Table 2, 
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membrane formation time amount is 180 seconds, and thickness is the same 300nm as a BST thin film. 
Furthermore, Pt film was formed by the pattern 98 of the shape of a "convex" character as shown in the other 
side of the cross direction of a substrate 90 at drawing 6 . Membrane formation conditions are as being shown in 
Table 2, membrane formation time amount is 120 seconds, and thickness is 200nm. Therefore, the BST thin 
film is pinched by Pt film of a pattern 92, and Pt film of a pattern 98. 

[0026] Thus, Pt film and a BST thin film were formed by turns, and the thin film layered product was produced. 
At this thin film layered product, the membrane formation sequence on a substrate 90 is Pt film of a pattern 92, 
the BST thin film of a pattern 94, Pt film of a pattern 96, Pt film of a pattern 98, and the BST thin film of a 
pattern 94... Becoming the BST thin film of a pattern 94, and Pt film of a pattern 96, the last is either Pt film of 
a pattern 92, or Pt film of a pattern 98. That is, Pt film of the pattern 92 pulled out at the one side of the cross 
direction of a substrate 90 and Pt film of the pattern 98 pulled out at the other side of the cross direction of a 
substrate 90 are formed in both sides of the BST thin film of a pattern 94. In addition, the dimension of the lap 
parts of a pattern 92 and a pattern 98 is 0.4x0.4mm. 

[0027] Thus, 120 thin film layered products which have the BST thin film of 12 layers were produced. Next, 
every 40 in the produced thin film layered product were heat-treated on 650-degree C conditions in (2) air by 
650-degree C conditions by 13.3kPa among (1) oxygen air current for 20 hours for 20 hours, respectively. 
Electrostatic capacity and a dielectric dissipation factor (tandelta) were measured by 1kHz during atmospheric 
air and reduced pressure of 4Pa about the thin film layered product which performed these heat treatments (1) 
and heat treatments (2), and the thin film layered product which was not heat-treated. And the average and the 
rate of short of electrostatic capacity and tandelta were shown in Table 3. 
[0028] 

Table 3] 
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[0029] As shown in Table 3, about what measured the property in atmospheric air, tandelta and the rate of short 
fell sharply by heat-treating. Within the membrane formation chamber 68, oxygen secedes from the BST thin 
film formed previously, and this is considered to be that to which tandelta and the rate of short fall, while 
forming two or more thin film dielectric layers and Pt layers, since oxygen tension is low. To it, by heat-treating 
under high oxygen tension, the oxygen deficiency of the BST thin film formed previously decreases, and it is 
thought that it is that tandelta and whose rate of short improve. 

[0030] Moreover, although electrostatic capacity and tandelta fell compared with the case where it measures in 
atmospheric air when it was under reduced pressure and the property was measured, tandelta fell to the level in 
which that to which what does not heat-treat heat-treated to 10% or more of tandelta being shown also in 
reduced pressure does not have a problem practically with 1 - 2%. This is considered to be because for there to 
be little effect of moisture in reduced pressure to a BST thin film being adsorbed in the moisture in atmospheric 
air, when it measures in atmospheric air. 

[0031] Furthermore, silicon oxide was formed as a protective coat by every 20-piece plasma-CVD method by 
the pattern 100 shown in drawing 7 R> 7, respectively about what performed heat treatment (1) and heat 
treatment (2), and the thing which has not performed heat treatment. As a protective coat, it formed so that a 
BST thin film might be covered. The membrane formation conditions at this time are as being shown in Table 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 5/12/2005 



BEST AVAILABLE COPv 



JP, 1 1-2 14245.A [PET ATT. FT) DESCRIPTION] Page 6 of 7 




4. 



[0032] 
[Table 4] 
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[0033] Also about the sample in which the protective coat was formed, electrostatic capacity and tandelta were 
measured in 1kHz. And the measured electrostatic capacity, and the average and the rate of short of tandelta 
were shown in Table 5. 



[0034] 
[Table 51 
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[0035] With the sample in which the protective coat was formed, the value almost equivalent to the 
measurement result of a under [ reduced pressure of the sample which does not form the protective coat ] was 
acquired. This is considered that effectiveness equivalent to the effect of the moisture in atmospheric air having 
been lost, having been under reduced pressure, and having measured the property by the protective coat is 
acquired. Therefore, after producing a thin film layered product, the capacity per unit volume can obtain a thin 
film multilayer capacitor with little loss very highly by heat-treating under high oxygen tension and forming a 
protective coat further. 

[0036] In addition, although heat-treated in the above-mentioned example in oxygen tension 13.3kPa and 
atmospheric air (oxygen tension: about 21.3 kPa(s)), an effective thing cannot be overemphasized, even if this 
invention is not limited to this and heat-treats in oxygen (oxygen tension: lOlkPa). 

[0037] Furthermore, in the above-mentioned example, after forming all oxide dielectric layers, it has heat- 
treated, but if it heat-treats after forming the oxide dielectric layer of the maximum upper layer even if it heat- 
treats, whenever this invention is not limited to this and forms each oxide dielectric layer, it is checked that the 
same effectiveness can be acquired. 
[0038] 

[Effect of the Invention] According to this invention, a thin film multilayer capacitor with little degradation of a 
property and aging can be obtained, without being influenced of the moisture in atmospheric air. Furthermore, if 
the manufacture approach of this invention is used, since the dielectric thin film which has high electrostatic 
capacity can be formed, it is small and the thin film multilayer capacitor of high performance can be produced. 
And since tandelta of a thin film layered product, a rate of short, etc. which were obtained are low, a reliable 
thin film multilayer capacitor can be obtained. 
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[Drawing 41 




























[Drawing 7] 
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(54) THIN FILM MONOLITHIC CAPACITOR AND MANUFACTURE THEREOF 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a thin film monolithic 
capacitor having a good dielectric property and less changes of 
characteristics with the elapse of time, and a method for 
manufacturing such a thin film monolithic capacitor. 
SOLUTION: A thin film monolithic capacitor 10 includes a board 12. 
On the board 12, a thin film dielectric layer 14, an electrode layer 
16, and an outer electrode 18 connected to the electrode layer 16 
are formed. A protective film 20 is formed at a part corresponding 
to the part where the dielectric layer 14 is formed. To produce this 
thin film monolithic capacitor 10, the thin film dielectric layer 14; the 
electrode layer 16 and the outer electrode 18 are formed on the 
board 12 by a CVD method or the like. The multilayer body thus 
obtained is heat-treated under the partial pressure of oxygen. After 
that, the protective film 20 is formed. 
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